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Comparison between approximate entropy and regional homogeneity for identification

of irritable bowel syndrome based on functional magnetic resonance imaging
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Abstract: Objective To compare the effectiveness and sensitivity of entropy and regional homogeneity (ReHo) for identifying
irritable bowel syndrome (IBS) based on functional magnetic resonance imaging (fMRI). Methods Voxel-based approximate
entropy (ApEn) was calculated based on findings of resting fMRI of 54 patients with IBS and 54 healthy control subjects.
Feature selection was performed using independent sample t-test, and support vector machine was then used to classify and
identify different groups. The classification performance obtained from ApEn was compared with that from ReHo. Results
Significant differences between the two groups were found in the left triangle part of inferior prefrontal gyrus, right angular
gyrus of the inferior parietal lobule, left inferior temporal gyrus, left middle temporal gyrus, left lingual gyrus, bilateral middle
occipital gyrus and bilateral superior occipital gyrus for ReHo (P<0.05), and in the bilateral postcentral gyrus, right precentral
gyrus, right inferior temporal gyrus, bilateral middle temporal gyrus and left superior occipital gyrus for ApEn (P<0.05). ApEn
consistently showed better performance than ReHo regardless of the variations in the number of features. The classification
accuracy, specificity and sensitivity of ApEn were 93.5185%, 90.7407% and 96.2963%, respectively, as compared with 86.1111%,
85.1852% and 87.037% of ReHo. Conclusion Entropy analysis based on fMRI can be more sensitive and effective than ReHo for
identification of IBS.

Keywords: approximate entropy; irritable bowel syndrome; resting state; functional magnetic resonance imaging; regional
homogeneity
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Fig.1 Flow diagram of feature selection and classification based on ApEn.
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Fig.2 Changes of mean ApEn with 7 in IBS patients and
healthy control subjects.
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Fig.3 Brain regions showing significant differences between healthy control subjects and IBS patients identified
based on ReHo method (A) and ApEn method (B).
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Tab.2 Brainregions with significant ReHo differences between healthy control subjects and IBS patients

MNI coordinates at peak voxel

Brain regions with group differences Number of voxels T (HC-IBS)
X y z
Left triangular part of inferior frontal gyrus -42 21 21 23 -4.5147
right angular gyrus 54 -45 45 36 3.9438
left inferior temporal gyrus/middle temporal gyrus -48 -57 -6 43 -3.7589
Left lingual gyrus -15 -63 0 24 -3.5765
Left middle occipitalgyrus/superior occipital gyrus -18 -84 18 81 -4.0734
Right middle occipitalgyrus/superior occipital gyrus 24 -81 24 64 -3.9364
%3 HC 5 IBSHYApENERKIES#
Tab.3 Brain regions with significant ApEn differences between healthy control subjects and IBS patients
Brain regions with group differences MNI coordinates at peak voxel Number of voxels T (HC-IBS)
X y z
Left postcentral gurus -24 -36 54 32 3.5961
Right precentral gyrus/postcentral gyrus 42 -12 48 45 4.2628
Right inferior temporal gyrus/middle temporal gyrus 57 -60 -9 38 3.5823
Left middle temporal gyrus -54 -57 9 22 3.6769
Left superior occipital gyrus -21 -75 18 23 4.202
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Tab.4 Accuracy, specificity and sensitivity of classification based on different numbers of ReHo features

Number of features 10 20 30 40 50 60 70 80 90 100
Accuracy 7.7 79.6 70.3 7.7 78.7 86.1 82.4 82.4 79.6 79.6
Specificity 7.7 75.9 61.1 75.9 7.7 85.1 79.6 81.4 7.7 75.9
Sensitivity 717 83.3 79.6 79.6 79.6 87.0 85.1 83.3 81.4 83.3
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Tab.5 Accuracy, specificity and sensitivity of classification based on different numbers of ApEn features

Number of features 10 20 30 40 50 60 70 80 90 100
Accuracy 86.1 90.7 93.5 89.8 89.8 87.9 89.8 88.8 87.9 88.8
Specificity 83.3 87.0 90.7 88.8 85.1 85.1 85.1 83.3 83.3 87.0
Sensitivity 88.8 94.4 96.2 90.7 94.4 90.7 94.4 94.4 92.5 90.7
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